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Description
Field of the Invention

[0001] The invention relates generally to devices used for non-invasively determining the amount of at least one light
absorbing substance in a subject. These devices are typically pulse oximeters used to measure blood oxygenation of
a patient. More specifically, the invention relates to the detection of crosstalk in such devices and to such devices provided
with means for detecting crosstalk. The invention further relates to such devices provided with means for eliminating the
crosstalk. As discussed below, crosstalk here refers to direct electric crosstalk occuring within a single measuring channel.

Background of the Invention

[0002] Pulse oximetry is at present the standard of care for the continuous monitoring of arterial oxygen saturation
(Sp0O,). Pulse oximeters provide instantaneous in-vivo measurements of arterial oxygenation, and thereby provide early
warning of arterial hypoxemia, for example.

[0003] A pulse oximeter comprises a computerized measuring unit and a probe attached to the patient, typically to
his or her finger or ear lobe. The probe includes a light source for sending an optical signal through the tissue and a
photo detector for receiving the signal after transmission through the tissue. On the basis of the transmitted and received
signals, light absorption by the tissue can be determined. During each cardiac cycle, light absorption by the tissue varies
cyclically. During the diastolic phase, absorption is caused by venous blood, tissue, bone, and pigments, whereas during
the systolic phase there is an increase in absorption, which is caused by the influx of arterial blood into the tissue. Pulse
oximeters focus the measurement on this arterial blood portion by determining the difference between the peak absorption
during the systolic phase and the constant absorption during the diastolic phase. Pulse oximetry is thus based on the
assumption that the pulsatile component of the absorption is due to arterial blood only.

[0004] Light transmission through an ideal absorbing sample is determined by the known Lambert-Beer equation as
follows:

where |, is the light intensity entering the sample, lout is the light intensity received from the sample, D is the path length
through the sample, ¢ is the extinction coefficient of the analyte in the sample at a specific wavelength, and C is the
concentration of the analyte. When |;;,, D, and € are known, and |, ;; is measured, the concentration C can be calculated.
[0005] In pulse oximetry, in order to distinguish between the two species of hemoglobin, oxyhemoglobin (HbO,), and
deoxyhemoglobin (RHb), absorption must be measured at two different wavelengths, i.e. the probe includes two different
light emitting diodes (LEDs). The wavelength values widely used are 660 nm (red) and 940 nm (infrared), since the said
two species of hemoglobin have substantially different absorption values at these wavelengths. Each LED is illuminated
in turn at a frequency which is typically several hundred Hz.

[0006] The accuracy of a pulse oximeter is affected by several factors. This is discussed briefly in the following.
[0007] Firstly, the dyshemoglobins which do not participate in oxygen transport, i.e. methemoglobin (MetHb) and
carboxyhemoglobin (CoHb), absorb light at the wavelengths used in the measurement. Pulse oximeters are set up to
measure oxygen saturation on the assumption that the patient’s blood composition is the same as that of a healthy, non-
smoking individual. Therefore, if these species of hemoglobin are present in higher concentrations than normal, a pulse
oximeter may display erroneous data.

[0008] Secondly, intravenous dyes used for diagnostic purposes may cause considerable deviation in pulse oximeter
readings. However, the effect of these dyes is short-lived since the liver purifies blood efficiently.

[0009] Thirdly, coatings such as nail polish may in practice impair the accuracy of a pulse oximeter, even though the
absorption caused by them is constant, not pulsatile, and thus in theory it should not have an effect on the accuracy.
[0010] Fourthly, the optical signal may be degraded by both noise and motion artifacts. One source of noise is the
ambient light received by the photodetector. Many solutions have been devised with the aim of minimizing or eliminating
the effect of the movement of the patient on the signal, and the ability of a pulse oximeter to function correctly in the
presence of patient motion depends on the design of the pulse oximeter. One way of canceling out the motion artefact
is to use an extra wavelength for this purpose.

[0011] A further factor affecting the accuracy of a pulse oximeter is the direct electrical crosstalk between the circuitry
driving the LEDs and the circuitry receiving the signal from the photodetector. Due to the crosstalk, non-optical signal
components may superimpose on the signal received and thus cause erroneous oxygen saturation readings. This
problem does not exist with conventional pulse oximeters using wide pulses, but has surfaced with the current trend
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towards lower power consumption, which is essential for battery operated oximeters, for example. Lower power con-
sumption calls for narrower pulses for driving the LEDs, the narrower pulses being more vulnerable to crosstalk. The
problem is further aggravated if the tissue of the patient is thicker than normal, whereby the signal received from the
photodetector is weaker than normal.

[0012] It is an objective of the invention to bring about a solution by means of which it is possible to decide whether
crosstalk is present and whether it will cause erroneous results in the oxygen saturation measurements. A further objective
of the present invention is to bring about a solution by means of which the measurement can be performed so that
crosstalk, even if strong, will not cause erroneous readings.

Summary of the Invention

[0013] These and other objectives of the invention are accomplished in accordance with the principles of the present
invention by providing a pulse oximeter with means for detecting, in connection with each measurement, the presence
of crosstalk. As mentioned above, the term "crosstalk" refers in this context to electric intrachannel crosstalk, i.e. to direct
capacitive, inductive, or conductive (resistive) coupling of power from the circuitry driving the LEDs to the circuitry
receiving the signal from the photodetector.

[0014] In its basic embodiment the pulse oximeter of the invention comprises means for detecting the presence of
crosstalk. Thus, in the basic embodiment of the invention the user is only warned of the presence of crosstalk, and the
crosstalk is not removed in the pulse oximeter, at least not automatically. This arises from the fact that the nature of
crosstalk can be such that automatic elimination is not possible, but rather user action is required for reducing the amount
of crosstalk. Furthermore, the detection of crosstalk can be used for purposes which are not directly related to the
reduction of crosstalk, such as detecting a faulty probe or determining whether the cable type is suitable for the meas-
urement.

[0015] However, in a preferred embodiment the detection process is used for eliminating the effect of crosstalk on the
measurement results whenever this is possible. In other words, in a preferred embodiment of the invention the crosstalk
is first detected and then removed. As discussed below, the removal may be realized in many ways. In some instances,
however, the crosstalk may be so severe that correct results cannot be obtained, whereby the user is warned of the
situation.

[0016] The pulse oximeter may also automatically reconfigure itself or advise the user to reconfigure the measurement
arrangement, e.g. change the type of cable used, in order to reduce the amount of crosstalk.

[0017] Other features and advantages of the invention will become apparent by reference to the following detailed
description and accompanying drawings.

Brief Description of the Drawings

[0018] In the following, the invention and its preferred embodiments are described more closely by referring to the
examples shown in FIG. 1 to 10 in the appended drawings, wherein:

FIG. 1 illustrates the mechanism of crosstalk generation in a standard pulse oximeter,
FIG. 2a to 2c¢ illustrate how crosstalk appears in oximeter signals,

FIG. 3 shows a pulse oximeter according to one embodiment of the invention,

FIG. 4 illustrates the principle of crosstalk detection in the embodiment of FIG. 3,

FIG. 5is a flow diagram showing the operation of the control unitin connection with blood oxygenation measurement,
FIG. 6 illustrates an embodiment of the invention intended for detecting resistive crosstalk,
FIG. 7a to 7c illustrate the detection of resistive crosstalk in the embodiment of FIG. 6,
FIG. 8aillustrates a further method of detecting resistive crosstalk,

FIG. 8b illustrates the determination of the crosstalk component in the method of FIG. 8a,
FIG. 9 and 10 illustrate two further methods of detecting resistive crosstalk, and

FIG. 11 shows a pulse oximeter according to a further embodiment of the invention.

Detailed Description of the Invention

[0019] FIG. 1 illustrates the mechanism of crosstalk generation in a standard pulse oximeter. Light from two LEDs
10a and 10b, each operating at a respective wavelength, passes into patient tissue, such as a finger 11. The light
propagated through or reflected from the tissue is received by a photodetector 12, which converts the optical signal
received into an electrical signal and feeds it to an amplifier stage 13. The amplified signal is then supplied to a control
unit (not shown in the figure), which carries out the processing of the signal received. The control unit further controls
the LED drive 15 to alternately activate the LEDs. As mentioned above, each LED is typically illuminated several hundred
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times in a second. Crosstalk here refers to the undesired capacitive, inductive, or conductive (resistive) coupling of pulse
power from the LED drive 15 to the circuitry 40 receiving the signal from the photodetector. Thus, the signal received
by the control unit is a combination of the actual detector signal, noise, and crosstalk from the LED drive. The charac-
teristics of the crosstalk depend on various items relating to the transmission path between the probe and the apparatus,
such as the characteristics of the cable 20 and connectors used, and of the probe setup. Crosstalk is therefore variable
in an unpredictable fashion.

[0020] Crosstalk sets a lower limit for the acceptable signal level, as it is frequently larger than the noise and synchro-
nous to the operation of the LED drive. It is normally capacitive in nature and largest at signal sections with the highest
slew rate, i.e. at signal edges. As shown in FIG. 2a and 2b, capacitive/inductive crosstalk appears typically as an
overshoot or ringing at the leading edges of the pulses driving the LEDs. A similar undershoot can be seen at the trailing
edges. The duration of the overshoot, which is often exponentially decreasing, is variable and depends mainly on the
cabling capacitance between the electronics and the probe. In some cabling configurations, crosstalk can appear as
ringing at all signal edges.

[0021] A further type of crosstalk is resistive crosstalk caused by a leakage resistance connecting pulse energy to the
receiving circuitry. Especially when the oximeter cable 20 consists of two parts, typically a longer trunk cable and a
shorter probe cable, moisture and dirt in the connectors will cause such a resistance and thus resistive crosstalk. As
shown in FIG. 2c, resistive crosstalk (denoted by the letter R) causes amplitude changes rather than pulse deformation.
The sign of the error caused by resistive crosstalk (i.e. the sign of the component R) depends typically on the polarity
of the driving pulses. Resistive crosstalk can therefore increase the DC level of the red signal and decrease the DC level
of the infrared signal, or vice versa, which in turn causes error to the measurement.

[0022] FIG. 3 is a block diagram of one embodiment of a pulse oximeter according to the present invention. This
embodiment is based on a traditional pulse oximeter where synchronous detection is used. The control unit 14 activates
the LEDs alternately by controlling the LED drive 15. The signal received from the probe 10 (i.e. photodetector) is supplied
to an amplifier stage 30, typically including several successive amplifiers, such as a preamplifier (which performs a
preamplification), an AC coupled amplifier (which filters interference caused by DC light), and a controllable amplifier
(which amplifies the signal to a level suitable for subsequent analog-digital conversion). After the amplifier stage, an
analog switch 31, controlled by the control unit, ensures that the signal is zeroed between consecutive pulses. The
reception branch is then divided into two branches: the IR branch for the infrared signal and the R branch for the red
signal. Each branch is preceded by an analog switch (not shown in the figure) which is controlled by the control unit so
that the pulses are connected to their respective branch (the R pulses to the R branch and the IR pulses to the IR branch).
In each branch a sampling unit (32, 33) then takes samples of the pulses received by the branch. The control unit controls
the R sampling unit so that it samples the R pulses and the IR sampling unit so that it samples the IR pulses. The
sampling units typically include a sampling switch and a capacitor which is charged to the pulse voltage prevailing at
the sampling moment. The sampled signals are then supplied to an A/D converter 34 which converts them into digitized
format for the control unit.

[0023] In order to detect the presence of capacitive/inductive crosstalk, the above-described known pulse oximeter
structure is modified so that the control unit 14 examines the pulses prior to the actual measurement of blood oxygenation.
This is implemented by providing the control unit with timing control means for adjusting the timing of the sampling, i.e.
the sampling moment in respect of the pulse edges. As shown in FIG. 4, the control unit first samples the signal with
several delays D1...Dn from the leading edge of the pulses (R or IR or both) received and stores the sampled values in
its memory. Using the stored data, the control unit can then determine the type and amount of crosstalk prior to the
actual measurement. On the basis of this analysis, the control unit can further decide whether the removal of the crosstalk
is possible. The pulse oximeter can, for example, first use delay D1 and store the pulse values at sampling moment T1
for a certain period, such as one second (i.e. one sample per pulse is taken over said period). The control unit then
adjusts the delay to D2, whereby the pulse values at sampling moment T2 are stored for a period of the same length of
time. After several sets of samples have been obtained, a single set i (i=1,2,...) corresponding to delay Di, the control
unit has a clear image of the amount and waveform of the crosstalk.

[0024] A predetermined rule can be stored in the control unit for determining the presence of crosstalk. To give an
example, if the difference between the highest and lowest sample is greater than or equal to a certain threshold value,
the control unit decides that crosstalk is present. Further predetermined rules can be stored for evaluating whether
crosstalk can be eliminated. These rules may depend on the pulse width used, for example.

[0025] FIG. 5illustrates the operation of an embodiment of the pulse oximeter of the present invention. As discussed
above, the pulse oximeter first examines the pulses for crosstalk in order to ascertain whether crosstalk is present or
not (steps 51 and 52). If it detects that no crosstalk is present in the detector signal, it performs a normal measurement,
i.e. determines blood oxygenation in a normal manner (step 53). However, if crosstalk is present, the pulse oximeter
evaluates whether it can be removed (step 54). If it detects that crosstalk is so severe that it cannot be removed, a
warning is given to the user. However, in a typical case the crosstalk can be removed, in which case the pulse oximeter
performs the measurement so that crosstalk has no effect on the result of the measurement (step 55). This can be
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implemented in various ways as discussed below. If the pulse oximeter detects that the crosstalk can be removed, it
can also generate an internal warning signal which is then used to initiate step 55.

[0026] The methods used to detect resistive crosstalk are discussed in the following. As mentioned above, resistive
crosstalk causes amplitude changes rather than pulse deformation. The methods for detecting resistive crosstalk are
therefore not based on examination of the pulse form. FIG. 6 illustrates the impact of a wet probe in connection with a
typical detector circuitry. The crosstalk adds with amplification Ro/(R;osstaic + R4) the voltage which drives the sending
LEDs to the detector signal. This causes error in the detector DC signal, as shown below. Due to this, the pulse oximeter
may show higher or lower or equal saturation readings as compared to the correct oxygen saturation of the patient.
Patient safety risk is the highest for erroneously high SpO, readings, which may result, for example, from a positive
crosstalk component in the red DC and a negative crosstalk component in the i-red DC.

[0027] The first method for detecting crosstalk through a leakage resistance is to use a LED drive voltage well below
the LED forward voltage threshold needed to light the LED (typically 1 to 3 volts). Since no optical signal is transmitted
in this case, any detector signal received is due to leakage (i.e. resistive crosstalk). Thus, in this case the crosstalk is
analyzed by driving a LED with a voltage which is below the forward voltage threshold of the LED, and measuring the
resulting detector signal. To obtain real-time information of the crosstalk without affecting the SpO, measurement, the
crosstalk detection pulse can be added to the IR and R pulse train driving the LEDs, as shown in FIG. 7a to 7c¢. FIG. 7a
illustrates the driving pulse train where pulse 70 is added after each IR and R pulse. FIG. 7b shows the corresponding
detector voltage when crosstalk is not present and FIG. 7c shows the corresponding detector voltage when crosstalk is
present, the crosstalk pulse being denoted with reference numeral 71. As can be seen, the crosstalk component causes
a disproportion to appear in the detected amplitudes of the R and IR pulses, since a negative driving pulse (IR) causes
a positive pulse but a negative crosstalk component to appear on the detector. When the pulse voltages on the emitter
and detector sides are known, the crosstalk component in the R and IR pulses can be removed mathematically according
to the following equations:

=V _ VIR.emmer x V
™ VIR, detector V crosstalk, detector
crosstatk,emitter

Vi

R, corrected detector

. V _ VR.emilter x V
— VR,detector V crosstalk,detector
crosstalk,emitter

Ve

corrected detector

where the sign of V|g ¢mitter Will be negative when the actual values are substituted in the equations.

[0028] This method thus requires a constant voltage drive, instead of the constant current drive commonly used in
pulse oximeters. The transmitting side of the pulse oximeter (the emitter side) is therefore preferably provided with both
a constant voltage drive 15a and a constant current drive 15b, as shown in FIG. 6. The control unit selects the voltage
or the current mode by controlling the switch SW which connects either one of the drives to the circuit. It is also possible
and often practical to measure the LED drive voltage in the constant current drive mode and then to use the measured
voltage value to compensate for the crosstalk, whereby no voltage drive mode is needed.

[0029] The second method for detecting resistive crosstalk is to change the amplitude of the driving current pulses
according to a predetermined pattern, preferably linearly, as shown in FIG. 8a. This causes the detector DC signal to
also change linearly. Although the optical and crosstalk components of the detector signal cannot be separated from
each other, the sum of these components (i.e. the measured detector signal) can be extrapolated to the zero current
where no optical signal exists and thereby provide the detector DC level due to crosstalk. This point is denoted by the
letter P in FIG. 8b. If there is no crosstalk present, the line of extrapolation should go through the origin. If the extrapolated
DC level exceeds a predetermined value, the pulse oximeter decides that crosstalk is present.

[0030] If the LED drive supports current adjustment, no hardware modifications are needed and the method can be
added to existing pulse oximeters by modifying their controlling software.

[0031] The third method for detecting resistive crosstalk is to modulate the AC component of the driving current pulses,
as shown in FIG. 9 (which shows only the R pulses). Thus, in this case an amplitude change repeats in the pulse train
(every second pulse of the same type having essentially the same current level). Since the emitted light is proportional
to the current that goes through the LEDs, the emitted light should have the same AC to DC ratio as the pulse train. This
ratio should be the same on the detector side if no crosstalk appears.

[0032] If there is crosstalk present, the AC to DC ratio changes on the detector side because the modulation of the
LED current alters the voltage over the LED only a little. This results in a decrease in the AC to DC ratio because the
voltage over the LED is fed through from the LED side to the detector side at a nearly constant amplitude. Therefore,
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when there is crosstalk present, the DC voltage increases or decreases according to the polarity of the crosstalk, but
the AC component remains almost unchanged.

[0033] This method is primarily used only for detecting resistive crosstalk. If the change in the AC to DC ratio exceeds
a certain threshold, the pulse oximeter decides that crosstalk is present. The modulation frequency of the AC component
should deviate clearly from the frequency of the physiological signal (i.e. from the patient originated pulsatile component)
modulating the pulses.

[0034] The fourth method is based on the fact that crosstalk changes the measured SpO, values. Since the amount
of crosstalk is unknown before it is somehow detected, crosstalk cannot be detected on the basis of a single SpO,
reading. However, when the DC light on the LED side changes, the voltage over the LEDs changes a little as well. The
change in the DC light should not affect the (known) modulation ratio R=[(ACR)/DCR)/(AC,r/DC )], unless crosstalk
exists. If the change in R exceeds a certain threshold, the pulse oximeter decides that crosstalk is present.

[0035] The above first method of detecting resistive crosstalk offers real-time measurement, since the detection pulses
70 are added to the pulse sequence driving the LEDs, while the second, third, and fourth methods require an in-advance
crosstalk measurement prior to the actual SpO, measurement. The crosstalk measurement preceding the actual meas-
urement lasts typically a few seconds at most. On the other hand, the second, third, and fourth methods require no
hardware changes in the pulse oximeter, but only changes in the controlling software of the control unit in order to allow
the driving current to be controlled according to the respective method. The first method is the most suitable for removing
crosstalk, since the hardware can be designed by taking the removal of crosstalk into account. The second, third, and
fourth methods are in turn primarily for the purpose of crosstalk detection, since in practice the hardware of existing
pulse oximeters is not designed for the above methods. Therefore, if one of the above methods is to be introduced into
a new pulse oximeter model, the first method is the preferred one.

[0036] FIG. 10 illustrates a further method for detecting crosstalk through a leakage resistance, the method being
analogous to the above-described first method in the sense that a LED is driven without the transmission of an optical
signal. In this method, one of the wires of a LED is activated to a drive voltage and a second one is kept in a floating
state so as not to cause current to pass through the LED. This can be accomplished, for example, by disconnecting a
switch SW1 located at some point along the said other wire simultaneously when the voltage pulse is supplied. Since
no optical signal is transmitted, any substantial change in the detector signal can be interpreted as crosstalk. Similarly
to FIG. 7a to 7c, the crosstalk detection pulses CP can be in the pulse train driving the LEDs in order to obtain real-time
information about the crosstalk without affecting the SpO, measurement. The switch is then disconnected for the duration
of the said pulses in order to detect whether crosstalk is present. Since the implementation of this method requires that
a controllable switch (SW1) be installed in the current pulse oximeters, the method requires both hardware and software
changes.

[0037] FIG. 11 illustrates a pulse oximeter according to another embodiment of the invention. This embodiment is
based on a fast A/D conversion. The signal received from the photodetector and amplified in an amplifier stage 100 is
read directly by a fast A/D converter 101. The resulting digitized data stream is supplied to the control unit. The sampling
rate of the converter is typically about 50 ksamples/s (thus resulting in about 100 samples per pulse), which allows an
accurate estimation of the pulse shape to be stored in the control unit. The embodiment based on the fast A/D conversion
is therefore especially suitable for detecting and removing capacitive/inductive crosstalk and analyzing the type of the
crosstalk, although it is suitable for detecting and removing resistive crosstalk too.

[0038] As discussed above, according to the present invention the signal received from the photodetector is analyzed
in order to detect whether crosstalk is present or not. The blood oxygenation measurement is then performed so that
crosstalk has no effect on the result of the measurement, at least whenever possible.

[0039] In order to obtain crosstalk-free results, the crosstalk detected can be removed mathematically by the control
unit. This applies especially to pulses where the overshoot is exponential (capacitive crosstalk) but small. Thus in this
case step 55 of FIG. 5 comprises two phases: (1) measuring blood oxygenation in a normal manner and (2) removing
the crosstalk mathematically from the digitized signal. Various rules can be used for detecting the presence of crosstalk
and for eliminating it.

[0040] Secondly, crosstalk can be removed by carrying out measurements so that the crosstalk has no effect on the
values of the samples. In other words, the sampling moment can be selected so that the overshoot has decayed. This
applies especially to ringing (capacitive-inductive crosstalk). If necessary, the pulse width can be increased to allow the
overshoot decay. Thus, in this case the control unit controls the timing of the sampling units (32, 33) and possibly also
widens the pulses so that crosstalk is not present at the sampling moment.

[0041] Thirdly, the above methods of removal can be combined. For example, if the pulses are very narrow and the
crosstalk cannot be removed mathematically, the pulses can be widened only to the extent necessary for making math-
ematical removal possible.

[0042] The detection of crosstalk can also be performed for other purposes than the direct and automatic elimination
of crosstalk. For example, the pulse shape detected can be used to detect the type of the cable and/or probe used, and
warn the user of a wrong type. Alternatively, if excessive capacitive or resistive crosstalk is detected, the user can be
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warned of a faulty or dirty shows in excessive resistive crosstalk. In response to the crosstalk detected, the pulse oximeter
can also automatically adjust the amplifier circuitry so that crosstalk is minimized. If the pulse oximeter detects excessive
crosstalk, it can try different amplifier configurations in order to find the one that optimally minimizes crosstalk. If the
pulse oximeter detects that the excessive crosstalk is due to a certain type of cable, such as a coaxial cable, it can adjust
the amplifier circuitry so that it is more suitable for such a cable. This possibility is illustrated in FIG. 3 and 11 by arrows
A. Instead of the reconfiguration of the amplifier circuitry, or in addition to it, the pulse oximeter can ground the shield of
the coaxial cable used.

[0043] The invention and an inventive pulse oximeter differ from prior art solutions. The inventive pulse oximeter aims
to detect and possible remove the crosstalk occuring within a single measuring channel. As an example, the pulse
oximeter described in the U.S. patent 4,942,877 aims to remove "optical crosstalk", i.e. the crosstalk which the emitters
(LEDs) of the pulse oximeter cause.

[0044] Although the invention was described above with reference to the examples shown in the appended drawings,
it is obvious that the invention is not limited to these, but may be modified by those skilled in the art without departing
from the scope of the invention which is defined in its broadest aspect in claim 1. For example, the pulse oximeter can
be provided with more than two wavelengths. Furthermore, the method can also be used in other devices than pulse
oximeters, the devices measuring other substances in a similar manner, i.e. non-invasively by radiating the patient. An
example of such measurement is the determination of the amount of glucose in the tissue of a patient.

Claims

1. A method for detecting the validity of measurement circumstances in connection with a monitoring device intended
for determining the amount of at least one light absorbing substance in a subject, the monitoring device comprising

- emitters (10a, 10b) for emitting radiation at a minimum of two wavelengths,

- driving means (15) for activating said emitters, and

- adetector (12) for receiving said radiation at said wavelengths and for producing an electrical signal in response
to the radiation,

characterized in that
the method comprises the steps of

- driving an emitter (10a) by a drive signal having predetermined characteristics,

- sampling pulses of the electrical signal synchronously with the drive signal,

- shifting the sampling moments so that samples of the pulses are obtained at different points for ascertaining
the waveform of the pulses,

- analyzing the samples in order to detect whether a crosstalk component of one of the following types is present:
direct capacitive, inductive, or conductive which are caused by electric power coupled directly from said drive
signal, and

- taking predetermined measures when the crosstalk component is detected in the analyzing step.

2. A method according to claim 1, characterized in said analyzing step includes at least one of the following analysis:
deformations of the pulses, amplitude changes of the pulses.

3. A method according to claim 1, characterized in that said sampling step-is performed by a synchronous detector,
taking one sample per each pulse of the electrical signal.

4. A method according to claim 1, characterized in that said sampling step is performed by an A/D converter, taking
a plurality of samples per each pulse of the electrical signal.

5. A method according to claim 3 or 4, characterized in that the step of taking the predetermined measures includes
generating a measurement signal essentially void of said crosstalk component.

6. A method according to claim 5, characterized in that said generating step includes removing the crosstalk com-
ponent mathematically.

7. A method according to claim 5, characterized in that said generating step includes



10

15

20

25

30

35

40

45

50

55

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

EP 1 254 628 B1

- adjusting the sampling moments on the basis of said samples in order to allow the crosstalk component to
disappear from the electrical signal and
- generating the measurement signal by sampling the electrical signal at the adjusted sampling moments.

A method according to claim 5, characterized in that aid generating step includes
- adjusting the pulse width of the drive signal and
- generating the measurement signal by sampling the electrical signal resulting from the drive signal with the

adjusted pulse widths.

A method according to claim 5, characterized in that said generating step includes changing the configuration of
an amplifier stage amplifying the electrical signal.

A method according to claim 5, characterized in that said generating step includes grounding the shield of a cable
containing the electrical signal.

A method according to claim 1, characterized in that said analyzing step includes determining the type of the
crosstalk.

A method according to claim 1, characterized in that the step of taking the predetermined measures includes
producing a warning of impending measurement errors when the electrical signal fulfils predetermined criteria.

A method according to claim 12, characterized in that
- the drive signal comprises voltage pulses, the amplitude of which is insufficient to activate said at least one
emitter, and
- said producing step includes creating the warning when the amplitude of the electrical signal exceeds a
predetermined threshold during said voltage pulses.

Amethod according to claim 12, characterized in that the drive signal includes current pulses of different amplitudes.

A method according to claim 14 characterized in that the method further comprises the steps of

- storing the values of the electrical signal corresponding to said different amplitudes and
- estimating the value of the electrical signal corresponding to zero amplitude,

wherein the warning is generated when the estimated value exceeds a predetermined threshold value.

A method according to claim 14, characterized in that the method further comprises the step of modulating the
AC component of the current pulses, the warning being generated when the AC to DC ratio of the electrical output
signal deviates essentially from that of the drive signal.

A method according to claim 14, characterized in that the method further comprises the step of changing of the
DC level of the drive signal.

A method according to claim 12, characterized in that

- the drive signal comprises a voltage pulse, the amplitude of which is sufficient to activate said at least one
emitter, and

- said driving step includes preventing current from flowing through said at least one emitter during said pulse,
thereby preventing the emitter from generating radiation,

the warning being produced when the amplitude of the electrical signal exceeds a predetermined threshold during
said pulse.

A method according to claim 1, characterized in that the amount of at least one light absorbing substance is
determined in the blood of a subject.
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A method according to claim 12, characterized in that the warning is given to the device itself.
A method according to claim 12, characterized in that the warning is given to a user of the device.
A method according to claim 1, characterized in that the monitoring device is a pulse oximeter.

An apparatus for non-invasively determining the amount of at least one light absorbing substance in a subject, the
apparatus comprising

- emitters (10a, 10b) for emitting radiation at a minimum of two different wavelengths,

- driving means (15) for activating said emitters,

- a detector (12) for receiving said radiation at said wavelengths and producing an electrical signal in response
to the radiation,

characterized in that the apparatus further comprises

- sampling means (32, 33) for sampling pulses of the electrical signal so that the sampling moments are shifted
and the samples of the pulses are obtained at different points for ascertaining the waveform of the pulses,
whereby a sampled signal is obtained,

- signal processing means (34) for determining said amount by processing the sampled signal, and

- crosstalk detection means (14) for analyzing whether a crosstalk component of one of the following types is
present in the electrical signal: direct capacitive component, inductive component, or conductive component
which are caused by electric power coupled directly from said driving means to said electrical signal.

An apparatus according to claim 23, characterized in that the method further comprises crosstalk elimination
means for generating a measurement signal essentially void of a crosstalk component.

An apparatus according to claim 23, characterized in that
- the sampling means comprise a synchronous detector adapted to take one sample per each pulse of the
electrical signal, and
- the crosstalk elimination means are adapted to adjust the sampling moments so that the samples are obtained
at pulse points where the crosstalk component is substantially negligible.

An apparatus according to claim 23, characterized in that
- the sampling means comprise an A/D converter taking a plurality of samples per each pulse of the electrical
signal, and
- the crosstalk detection means and the crosstalk elimination means are introduced into the signal processing
means.

An apparatus according to claim 23, characterized in that the driving means comprise

- a current drive adapted to output current pulses for activating the emitters, and
- a voltage drive adapted to output voltage pulses the amplitude of which is insufficient to activate the emitters.

An apparatus according to claim 23, characterized in that

- the driving means are adapted to (1) supply voltage to one lead of an emitter and (2) simultaneously prevent
current from flowing through said emitter, thereby preventing the emitter from generating radiation.

An apparatus according to claim 28, characterized in that the driving means are adapted to disconnect another
lead of said emitter, thereby preventing current from flowing.

An apparatus according to claim 23, characterized in that said apparatus is a non-invasive monitoring device,
preferably a pulse oximeter.
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Patentanspriiche

1.

10.

Verfahren zum Detektieren der Giiltigkeit von Messumsténden in Verbindung mit einer Uberwachungsvorrichtung,
vorgesehen zur Bestimmung des Betrags mindestens einer lichtabsorbierenden Substanz in einem Probanden, die
Uberwachungsvorrichtung umfassend

- Emitter (10a, 10b) zur Emittierung einer Strahlung bei mindestens zwei Wellenlangen,

- Treibermittel (15) zur Aktivierung der Emitter, und

- einen Detektor (12) zum Empfangen der Strahlung bei den Wellenldngen und zum Erzeugen eines elektrischen
Signals in Reaktion auf die Strahlung,

dadurch gekennzeichnet, dass
das Verfahren folgende Schritte umfasst

- Antreiben eines Emitters (10a) durch ein Treibersignal, das vorgegebene Eigenschaften aufweist,

- synchrones Abtasten von Impulsen des elekirischen Signals mit dem Treibersignal,

- Verschieben der Abtastmomente, so dass Abtastungen der Impulse an verschiedenen Punkten zur Ermittlung
der Wellenform der Impulse erhalten werden,

- Analysieren der Abtastungen, um zu detektieren, ob eine Nebensignaleffektkomponente einer der folgenden
Arten vorliegt: direkt kapazitiv, induktiv oder konduktiv, die durch elektrische Energie verursacht werden, die
direkt von dem Treibersignal gekoppelt wird, und

- Ergreifen vorgegebener MalRnahmen, wenn die Nebensignaleffektkomponente in dem Analyseschritt detektiert
wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Analyseschritt mindestens eine der folgenden
Analysen umfasst: Deformationen der Impulse, Amplitudenéanderungen der Impulse.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Abtastschritt-durch einen synchronen Detektor
durchgefiihrt wird, der eine Abtastung pro Impuls des elektrischen Signals vornimmt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Abtastschritt von einem A/D-Wandler durchgefiihrt
wird, der mehrere Abtastungen pro Impuls des elektrischen Signals vornimmt.

Verfahren nach Anspruch 3 oder 4, dadurch gekennzeichnet, dass der Schritt des Ergreifens der vorgegebenen
MaRnahmen das Erzeugen eines Messsignals umfasst, das die Nebensignalkomponente im Wesentlichen nicht

enthalt.

Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Erzeugungsschritt das mathematische Entfernen
der Nebensignaleffektkomponente umfasst.

Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Erzeugungsschritt umfasst
- Anpassen der Abtastmomente basierend auf den Abtastungen, um der Nebensignaleffektkomponente das
Entweichen aus dem elektrischen Signal zu ermdéglichen, und
- Erzeugen des Messsignals durch Abtasten des elektrischen Signals an den angepassten Abtastmomenten.
Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Erzeugungsschritt umfasst
- Anpassen der Impulsbreite des Treibersignals und
- Erzeugen des Messsignals durch Abtasten des elektrischen Signals, das aus dem Treibersignal mit den

angepassten Impulsbreiten resultiert.

Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Erzeugungsschritt das Andern der Konfiguration
einer Verstarkerstufe durch Verstarken des elektrischen Signals umfasst.

Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Erzeugungsschritt das Erden der Abschirmung
eines Kabels umfasst, das das elektrische Signal enthalt.
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Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Analyseschritt das Bestimmen der Art des Ne-
bensignaleffekts umfasst.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Schritt des Ergreifens der vorgegebenen
Mafnahmen das Erzeugen einer Warnung vor bevorstehenden Messfehlern umfasst, wenn das elektrische Signal
vorgegebene Kriterien erfiillt.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass
- das Treibersignal Spannungsimpulse umfasst, deren Amplitude nicht ausreicht, um den mindestens einen
Emitter zu aktivieren, und
- der Erzeugungsschritt des Erstellens der Warnung umfasst, wenn die Amplitude des elektrischen Signals

wahrend der Spannungsimpulse einen vorgegebenen Grenzwert Uibersteigt.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass das Treibersignal Stromimpuls mit verschiedenen
Amplituden umfasst.

Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass das Verfahren ferner folgende Schritte umfasst

- Speichern der Werte des elektrischen Signals, die den verschiedenen Amplituden entsprechen und
- Schatzen des Wertes des elektrischen Signals, der der Nullamplitude entspricht,

wobei die Warnung erzeugt wird, wenn der geschatzte Wert einen vorgegebenen Grenzwert tibersteigt.
Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass das Verfahren ferner den Schritt des Modulierens
der Wechselstromkomponente der Stromimpulse umfasst, wobei die Warnung erzeugt wird, wenn das Verhaltnis

Wechselstrom zu Gleichstrom des elektrischen Ausgabesignals wesentlich von dem des Treibersignals abweicht.

Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass das Verfahren ferner den Schritt des Anderns der
Gleichstromebene des Treibersignals umfasst.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass
- das Treibersignal Spannungsimpulse umfasst, deren Amplitude nicht ausreicht, um den mindestens einen
Emitter zu aktivieren, und
- der Treiberschritt umfasst das Verhindern, dass der Strom wahrend des Impulses durch den mindestens einen

Emitter fliet, wodurch verhindert wird, dass der Emitter Strahlung erzeugt,

wobei die Warnung erzeugt wird, wenn die Amplitude des elektrischen Signals wahrend des Impulses einen vor-
gegebenen Grenzwert Ubersteigt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Betrag der mindestens einen lichtabsorbierenden
Substanz in dem Blut eines Probenden bestimmt wird.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Warnung an die Vorrichtung selbst gegeben wird.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Warnung an einen Benutzer der Vorrichtung
gegeben wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass
die Uberwachungsvorrichtung ein Impulsoximeter ist.

Vorrichtung fir nicht invasives Bestimmen des Betrags mindestens einer lichtabsorbierenden Substanz in einem
Probanden, die Vorrichtung umfassend

- Emitter (10a, 10b) zur Emittierung einer Strahlung bei mindestens zwei verschiedenen Wellenlangen,

- Treibermittel (15) zur Aktivierung der Emitter,
- einen Detektor (12) zum Empfangen der Strahlung bei den Wellenldngen und Erzeugen eines elektrischen
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Signals in Reaktion auf die Strahlung,
dadurch gekennzeichnet, dass die Vorrichtung ferner umfasst

- Abtastmittel (32, 33) zum Abtasten der Impulse des elektrischen Signals derart, dass die Abtastmomente
verschoben werden und die Abtastungen der Impulse an verschiedenen Punkten zur Bestimmung der Wellen-
form der Impulse ermittelt werden, wobei ein abgetastetes Signal ermittelt wird,

- Signalverarbeitungsmittel (34) zur Ermittlung des Betrags durch Verarbeitung des abgetasteten Signals und
- Erkennungsmittel fir Nebensignaleffekte (14) zur Analyse, ob eine Nebensignaleffektkomponente einer der
folgenden Arten in dem elektrischen Signal vorliegt: direkt kapazitive Komponente, induktive Komponente oder
konduktive Komponente, die durch elektrische Energie verursacht werden, die direkt von dem Treibermittel an
das elektrische Signal gekoppelt ist.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass das Verfahren ferner Entfernungsmittel fiir Ne-
bensignaleffekte zur Erzeugung eines Messsignals umfasst, das im Wesentlichen keine Nebensignaleffektkompo-
nente enthalt.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass

- die Abtastmittel einen synchronen Detektor umfassen, der eingerichtet ist, eine Abtastung pro Impuls des
elektrischen Signals zu nehmen, und

- die Entfernungsmittel fir Nebensignaleffekte eingerichtet sind, die Abtastmomente derart anzupassen, dass
die Abtastungen an Impulspunkten ermittelt werden, an denen die Nebensignaleffektkomponente im Wesent-
lichen vernachlassigbar ist.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass

- die Abtastmittel umfassen einen A/D-Wandler, der mehrere Abtastungen pro Impuls des elektrischen Signals
vornimmt, und

- Detektiermittel fir Nebensignaleffekte und Eliminiermittel flir Nebensignaleffekte werden in das Signalverar-
beitungsmittel eingefiihrt.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass die Antriebsmittel umfassen
- einen Stromtreiber, der eingerichtet ist, die Stromimpulse zur Aktivierung der Emitter auszugeben, und
- einen Spannungstreiber, der eingerichtet ist, die Spannungsimpulse auszugeben, deren Amplitude nicht aus-
reicht, um die Emitter zu aktivieren.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass
- die Antriebsmittel eingerichtet sind, (1) die Spannung an eine Zufiihrung eines Emitters bereitzustellen und
(2) gleichzeitig den Strom daran zu hindern, durch den Emitter zu flieRen, wodurch der Emitter daran gehindert

wird, Strahlung zu erzeugen.

Vorrichtung nach Anspruch 28, dadurch gekennzeichnet, dass die Treibermittel eingerichtet sind, eine andere
Zufuihrung des Emitters zu trennen, wodurch der Strom am FlieBen gehindert wird.

Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, dass die Vorrichtung eine nichtinvasive Uberwachungs-
vorrichtung ist, vorzugsweise ein Impulsoximeter.

Revendications

1.

Procédé pour détecter la validité de circonstances de mesures en relation avec un dispositif de surveillance destiné
adéterminer la quantité d’au moins une substance d’absorption de lumiere dans un sujet, le dispositif de surveillance
comprenant :

- des émetteurs (10a, 10b) pour émettre un rayonnement a un minimum de deux longueurs d’onde,
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- un moyen d’entrainement (15) pour activer lesdits émetteurs, et
- un détecteur (12) pour recevoir ledit rayonnement aux dites longueurs d’'onde et pour produire un signal
électrique en réponse au rayonnement,

caractérisé en ce que
le procédé comprend les étapes consistant a :

- entrainer un émetteur (10a) par un signal d’entrainement ayant des caractéristiques prédéterminées,

- échantillonner des impulsions du signal électrique de maniere synchrone avec le signal d’entrainement,

- décaler les moments d’échantillonnage de maniére a ce que les échantillons d'impulsion soient obtenus a
différents points pour déterminer la forme d’onde des impulsions,

- analyser les échantillons pour détecter si un composant de diaphonie de I'un des types suivants est présent :
capacitif direct, inductif, ou conducteur, qui sont provoqués par I'énergie électrique couplée directement a partir
dudit signal d’entrainement, et

- prendre des mesures prédéterminées lorsque le composant de diaphonie est détecté dans I'étape d’analyse.

Procédé selon la revendication 1, caractérisé en ce que ladite étape d’analyse comprend au moins I'une des
analyses suivantes : déformations des impulsions, changements d’amplitude des impulsions.

Procédé selon la revendication 1, caractérisé en ce que ladite étape d’échantillonnage est effectuée par un dé-
tecteur synchrone, en prenant un échantillon par impulsion du signal électrique.

Procédé selon la revendication 1, caractérisé en ce que ladite étape d’échantillonnage est effectuée par un con-
vertisseur analogique/numérique, en prenant une pluralité d’échantillons par impulsion du signal électrique.

Procédé selon la revendication 3 ou 4, caractérisé en ce que |'étape consistant a prendre les mesures prédéter-
minées comprend la génération d’un signal de mesure essentiellement dépourvu dudit composant de diaphonie.

Procédé selon la revendication 5, caractérisé en ce que ladite étape de génération comprend la suppression
mathématique du composant de diaphonie.

Procédé selon la revendication 5, caractérisé en ce que ladite étape de génération comprend les étapes consistant
a:

-régler les moments d’échantillonnage sur la base desdits échantillons pour permettre au composant de diapho-
nie de disparaitre du signal électrique, et
- générer le signal de mesure en échantillonnant le signal électrique aux moments d’échantillonnage réglés.

Procédé selon la revendication 5, caractérisé en ce que ladite étape de génération comprend les étapes consistant
a:

- régler la largeur d’impulsion du signal d’entrainement, et
- générer le signal de mesure en échantillonnant le signal électrique résultant du signal d’entrainement avec
les largeurs d’impulsion réglées.

Procédé selon la revendication 5, caractérisé en ce que ladite étape de génération comprend le changement de
la configuration d’un étage d’amplificateur amplifiant le signal électrique.

Procédé selon la revendication 5, caractérisé en ce que ladite étape de génération comprend la mise a la terre
du blindage d’un cable contenant le signal électrique.

Procédé selon la revendication 1, caractérisé en ce que ladite étape d’analyse comprend la détermination du type
de diaphonie.

Procédé selon la revendication 1, caractérisé en ce que I'étape consistant a prendre les mesures prédéterminées

comprend la production d’'un avertissement d’erreurs de mesure imminentes lorsque le signal électrique remplit les
criteres prédéterminés.
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Procédé selon la revendication 12, caractérisé en ce que

- le signal d’entrainement comprend des impulsions de tension, dont I'amplitude est insuffisante pour activer
ledit au moins un émetteur, et

- ladite étape de production comprend la création d’'un avertissement lorsque I'amplitude du signal électrique
dépasse un seuil prédéterminé au cours desdites impulsions de tension.

Procédé selon la revendication 12, caractérisé en ce que le signal d’entrainement comprend des impulsions de
courant de différentes amplitudes.

Procédé selon la revendication 14 caractérisé en ce que le procédé comprend en outre les étapes consistant a :

- stocker les valeurs du signal électrique correspondant aux dites amplitudes différentes, et
- estimer la valeur du signal électrique correspondant a I'amplitude zéro,

dans lequel I'avertissement est généré lorsque la valeur estimée dépasse une valeur de seuil prédéterminée.

Procédé selon la revendication 14, caractérisé en ce que le procédé comprend en outre 'étape consistant a
moduler le composant de courant alternatif des impulsions de courant, I'avertissement étant généré lorsque le
rapport du courant alternatif sur le courant continu du signal de sortie électrique s’écarte sensiblement de celui du
signal d’entrainement.

Procédé selon la revendication 14, caractérisé en ce que le procédé comprend en outre I'étape consistant a
changer le niveau de courant continu du signal d’entrainement.

Procédé selon la revendication 12, caractérisé en ce que
- le signal d’entrainement comprend une impulsion de tension, dont 'amplitude est suffisante pour activer ledit
au moins un émetteur, et
- ladite étape d’entrainement comprend I'étape consistant a empécher que le courant ne traverse ledit au moins

un émetteur au cours de ladite impulsion, ce qui empéche que I'émetteur ne génére de rayonnement,

I'avertissement étant produit lorsque I'amplitude du signal électrique dépasse un seuil prédéterminé au cours de
ladite impulsion.

Procédé selon la revendication 1, caractérisé en ce que la quantité d’au moins une substance d’absorption de
lumiére est déterminée dans le sang d’un sujet.

Procédé selon la revendication 12, caractérisé en ce que I'avertissement est donné au dispositif proprement dit.
Procédé selon la revendication 12, caractérisé en ce que I'avertissement est donné a un utilisateur du dispositif.
Procédé selon la revendication 1, caractérisé en ce que le dispositif de surveillance est un oxymetre d'impulsion.

Appareil pour déterminer de maniére non invasive la quantité d’au moins une substance d’absorption de lumiere
dans un sujet, 'appareil comprenant

- des émetteurs (10a, 10b) pour émettre un rayonnement a un minimum de deux longueurs d’onde différentes,
- un moyen d’entrainement (15) pour activer lesdits émetteurs,

- un détecteur (12) pour recevoir ledit rayonnement aux dites longueurs d’onde et produire un signal électrique
en réponse au rayonnement,

caractérisé en ce que I'appareil comprend en outre :
- des moyens d’échantillonnage (32, 33) pour échantillonner les impulsions du signal électrique de maniére a
ce que les moments d’échantillonnage soient décalés et les échantillons des impulsions soient obtenus a

différents points pour déterminer la forme d’onde des impulsions, moyennant quoi un signal échantillonné est
obtenu,
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- un moyen de traitement de signal (34) pour déterminer ladite quantité en traitant le signal échantillonné, et

- un moyen de détection de diaphonie (14) pour analyser si un composant de diaphonie de I'un des types
suivants est présent dans le signal électrique : composant capacitif direct, composant inductif ou composant
conducteur qui sont provoqués par I'énergie électrique couplée directement dudit moyen d’entrainement au dit
signal électrique.

Appareil selon la revendication 23, caractérisé en ce que I'appareil comprend en outre un moyen d’élimination de
diaphonie pour générer un signal de mesure sensiblement dépourvu de composant de diaphonie.

Appareil selon la revendication 23, caractérisé en ce que

-le moyen d’échantillonnage comprend un détecteur synchrone adapté pour prendre un échantillon parimpulsion
du signal électrique, et

- le moyen d’élimination de diaphonie est adapté pour régler les moments d’échantillonnage de maniére a ce
que les échantillons soient obtenus a des points d'impulsion ou le composant de diaphonie est sensiblement
négligeable.

Appareil selon la revendication 23, caractérisé en ce que
- le moyen d’échantillonnage comprend un convertisseur analogique/numérique prenant une pluralité d’échan-
tillons par impulsion du signal électrique, et
- le moyen de détection de diaphonie et le moyen d’élimination de diaphonie sont introduits dans le moyen de
traitement de signal.

Appareil selon la revendication 23, caractérisé en ce que le moyen d’entrainement comprend :
- un entrainement de courant adapté pour délivrer des impulsions de courant pour activer les émetteurs, et
- un entrainement de tension adapté pour délivrer des impulsions de tension dont les amplitudes sont insuffi-
santes pour activer les émetteurs.

Appareil selon la revendication 23, caractérisé en ce que
- le moyen d’entrainement est adapté pour (1) fournir la tension a un fil conducteur d’'un émetteur et (2) empécher
simultanément que le courant ne traverse ledit émetteur, ce qui empéche que I'émetteur ne génére de rayon-

nement.

Appareil selon la revendication 28, caractérisé en ce que le moyen d’entrainement est adapté pour déconnecter
un autre fil conducteur dudit émetteur, ce qui empéche le passage du courant.

Appareil selon la revendication 23, caractérisé en ce que ledit appareil est un dispositif de surveillance non invasif,
de préférence un oxymeétre d’impulsion.
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